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1
LANDING GEAR DOOR LINERS FOR
AIRFRAME NOISE REDUCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is related to co-pending U.S. patent appli-
cation Nos. 13/417,347 and 13/417,351, filed on Mar. 12,
2012. This application claims the benefits of U.S. Provisional
Application Nos. 61/451,727, filed on Mar. 11,2011; 61/451,
730 filed on Mar. 11, 2011; 61/451,735 filed on Mar. 11,
2011; and 61/597,282, filed on Feb. 10, 2012, the entire
contents of all which are incorporated by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The invention described herein was made in part by
employees of the United States Government and may be
manufactured and used by or for the Government of the
United States of America for governmental purposes without
the payment of any royalties thereon or therefore.

FIELD OF THE INVENTION

The present invention relates to reduction of aircraft noise,
and specifically to acoustic liners to reduce airframe noise
during takeoff and landing.

BACKGROUND OF THE INVENTION

Aircraft noise is a significant issue with economic and
public health implications, especially for communities near
airports. As a result, increasingly stringent international con-
straints are being placed on aircraft companies to reduce this
noise. Aircraft noise is generally divided into two categories.
The first has to do with noise generated by the propulsion
system, while the second is related to noise generated by the
interaction of mean flow over the airframe as it traverses
through the air.

BRIEF SUMMARY OF THE INVENTION

One aspect of the present invention is a landing gear door of
the type that covers retractable landing gear of an aircraft
when the landing gear is retracted during flight. The landing
gear door shifts outwardly when the landing gear is deployed.
The landing gear door includes a door structure defining first
and second opposite sides. The first and second opposite sides
have first and second opposite surfaces, respectively. The
door structure further includes edge surfaces extending
between the first and second sides, and the door structure
defines an internal structure disposed between the first and
second opposite sides. The door structure defines a porous
surface on at least one of the first and second opposite side
surfaces, and the internal structure defines at least one internal
acoustic chamber or passageway defining a first end that is
acoustically connected to the porous surface such that at least
a substantial portion of sound entering the elongated acoustic
chamber or passageway at the first end thereofis absorbed by
the internal structure of the landing gear door. The internal
acoustic chambers or passageways may be elongated. The
landing gear door may include a plurality of internal acoustic
chambers, each having the same length, or one or more of the
chambers may have a different length than one or more of the
other chambers. The internal chambers may be substantially
linear, or they may include angled portions that extend at
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angles that are typically in the range of about 30° to about 90°
relative to other portions of the chambers. One or more of the
internal acoustic chambers may be partially or completely
tilled with an acoustic bulk material such as foam or other
suitable material to provide the desired propagation and
absorption of sound within the internal acoustic chambers.
The chambers may have closed inner ends, or the chambers
may have open opposite ends whereby sound entering one of
the openings is transmitted through the chamber, and a por-
tion of the sound that is not absorbed in the chamber is emitted
from the other opening. The chambers thereby form passage-
ways whereby sound can thereby be transmitted between
inner and outer surfaces of the landing gear door, or between
different locations on the same surface of the landing gear
door.

These and other features, advantages, and objects of the
present invention will be further understood and appreciated
by those skilled in the art by reference to the following speci-
fication, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of an aircraft including retract-
able landing gear and landing gear doors according to one
aspect of the present invention;

FIG. 2 is a partially fragmentary enlarged view of the main
landing gear of the aircraft of FIG. 1;

FIG. 3 is a cross-sectional view of the landing gear door of
FIG. 2 taken along the line I1I-11I;

FIG. 4 shows a landing gear door according to another
aspect of the present invention; and

FIG. 5 is a cross-sectional view of the landing gear door of
FIG. 4 taken along the line V-V.

DETAILED DESCRIPTION OF EMBODIMENTS

For purposes of description herein, the terms “upper,”
“lower,” “right,” “left,” “rear,” “front,” “vertical,” “horizon-
tal,” and derivatives thereof shall be related to the invention as
oriented in FIG. 5. However, it is to be understood that the
invention may assume various alternative orientations, except
where expressly specified to the contrary. It is also to be
understood that the specific devices and processes illustrated
in the attached drawing, and described in the following speci-
fication are simply exemplary embodiments of the inventive
concepts defined in the appended claims. Furthermore, refer-
ences to specific items or features (e.g. a wing structure,
leading edge slat, and slat cove filler) shall not be construed as
limiting the item or feature to one-piece or multi-piece items
or features. Hence, specific dimensions and other physical
characteristics relating to the embodiments disclosed herein
are not to be considered as limiting, unless the claims
expressly state otherwise.

An aircraft 1 (FIG. 1) includes a fuselage 2, wings 3, and a
propulsion system such as jet engines 4. The primary aircraft
structure including the fuselage 2, wings 3, and engine 4 may
comprise a known design and these parts of aircraft 1 will not
therefore be described in detail herein.

With reference to FIG. 1, Aircraft 1 includes a retractable
landing gear system 10 including a nose assembly 12, and two
main assemblies 14. The main assemblies 14 include tires 15,
struts 16, and doors 20. During takeoff and landing, the land-
ing gear is in a deployed position as shown in FIG. 1. During
level flight, the landing gear is retracted such that the tires 15,
struts 16, and other related components are received in land-
ing gear bays or cavities 18. When the main assemblies 14 are
retracted, outer surfaces 22 of landing gear doors 20 are flush
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with outer surfaces 6 of the fuselage 2 and/or wings 3. The
tires 15, struts 16, and associated powered actuators (not
shown) and other such components are generally known, and
will not therefore be described in detail herein.

With further reference to FIGS. 2 and 3, landing gear door
20 includes a door structure 24 defining first and second
opposite sides 26 and 28. The opposite sides 26 and 28
include first and second opposite surfaces 30 and 32, respec-
tively. Edge surfaces 34, 36, 38, and 40 extend between the
first and second sides 26 and 28 of door structure 24. It will be
understood that the landing gear door 20 and door structure 24
may have a variety of different shapes and sizes as required
for a particular aircraft design.

The door structure 24 also defines an acoustic liner 8 com-
prising an internal structure or body 42 disposed between the
first and second opposite sides 26 and 28. The door structure
24 includes a porous surface 44 on at least one of the first and
second opposite side surfaces 30 and 32. The internal struc-
ture 42 defines at least one internal acoustic chamber 50. The
internal acoustic chambers 50 have first ends 52 that are
acoustically connected to the porous surface 44 such that at
least a substantial portion of sound entering the acoustic
chambers 50 at the first end 52 is absorbed by the internal
structure 42 of the landing gear door 20.

Referring again to FIG. 3, acoustic chambers 50 of acoustic
liner 8 may include an outer end portion 54 that extends
substantially transverse or perpendicular to porous surface
44, and an inner end portion 56 that extends transverse to the
outer end portion 54. The inner end portion 56 may extend
substantially parallel to porous surface 44. The acoustic
chambers 50 may have inner closed ends 58, such that open-
ings 52 comprise the only openings that permit sound to enter
the acoustic chambers 50. Alternately, one or more of the
acoustic chambers 50 may extend all the way through the
internal structure 42 to thereby form an internal passageway
with openings 52 and 60 on opposite sides 26 and 28, respec-
tively, of door structure 42.

The internal chambers 50 may have circular cross-sec-
tional shapes, and the cross-sectional area of the internal
chambers 50 may be substantially constant along the length
of'the internal chambers 50. Alternately, the chambers 50 may
have non-circular cross-sectional shapes (e.g., quadrilateral
shaped), and/or the cross-sectional area of the chambers 50
may vary.

Also, as shown in FIG. 3, different internal chambers 50 of
acoustic liner 8 may have different lengths defined between
ends 52 and 58. The differences in lengths provide for absorp-
tion of sound at different frequencies. Thus, acoustic liner 8 of
door 20 may be configured to absorb a broad spectrum of
sound utilizing internal acoustic chambers 50 of different
lengths and/or different shapes.

Porous surface 44 of acoustic liner 8 may comprise a thin
sheet of metal or other suitable material having a plurality of
perforations therethrough. Alternately, porous surface 44
may comprise a mesh or the like, or the porous surface 44 may
be formed by the internal structure 42 itself, Acoustic filler
material 48 such as foam or other suitable material may be
positioned in one or more of the internal chambers 50, and the
filler material 48 may partially or completely fill the cham-
bers 50. The internal structure 42 may comprise a metal
material, fiber composites, or other suitable material.

With further reference to FIGS. 4 and 5, alanding gear door
20A according to another aspect of the present invention
includes an acoustic liner 8 A having an internal structure
42A, and a plurality of internal acoustic chambers 50A. Each
chamber 50A has a first or outer end/opening 52A, and an
inner end 36A that may optionally be open at the second
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opposite side 28 A of door 20A or at a different location on the
same side 26A or door 20A. Porous surface 44 A of acoustic
liner 8 A comprises a sheet of material 46 having a plurality of
perforations 47 such that the ends 52A of acoustic chambers
50A are acoustically open at the surface 30A of door 20A.
One or more of the acoustic chambers 50A may include an
open end 60A on opposite side 28A of door 20A to thereby
foiin a passageway that permits sound to travel through the
door 20A from first side 26A to second side 28A, and vice-
versa. One or more of the acoustic chambers 50A may alter-
natively include an open end on the same side 26 A of door
20A to thereby form a passageway that permits sound to
travel through the door 20A from first side 26A to another
location on the same side. Similarly, one or more of the
chambers may alternatively include two open ends within the
second side 28 A such that sound is permitted to travel through
the door 20A from one location to another on the second side
28A.

The acoustic treatment embedded within the volume of the
landing gear doors 20 and 20A changes the boundary condi-
tion at the surface(s) 30 (and 32) such that sound is absorbed
within the door 20 or 20A. The internal acoustic chambers
50A and porous surface 44 of liners 8 and 8A also change the
boundary conditions of the door 20 to inhibit the generation of
noise at the surface 30 and/or 32.

As discussed above, the lengths of internal acoustic cham-
bers 50A of the liner 8 A of door 20A (FIG. 5) are varied. Ifthe
partitions between adjacent internal chambers are impervious
and sufficiently close together, this provides a local-reacting
liner configuration, and each chamber in this embodiment
behaves as a quarter-wavelength resonator (sometimes called
an organ-pipe resonator). In this embodiment, the different
lengths of the chambers 50 are selected for optimal absorp-
tion of different frequencies. By proper selection of the com-
bination of lengths of the chambers 50, a broadband sound
absorber can be achieved.

Ifthe internal volume defined by chambers 50 is filled with
foam 48 or the like, sound that enters through the porous
surface 44 of the liner 8 of door 20 travels in multiple direc-
tions within the foam. If configured in this way, the sound can
travel in multiple directions, and exit the liner 8 of door 20 via
different portions of the porous surface 44. The chambers 50
may include openings at opposite ends at surface 30 and 32,
or the acoustic chambers 50 may have multiple openings at
surface 30 or multiple openings at surface 32. Surface 32 may
also comprise a porous surface 44 having a sheet 46 with
perforations 47.

It will be understood that the specific acoustic liner con-
figurations and door geometries discussed above in connec-
tion with FIGS. 2-5 are examples of suitable geometries, but
the present invention is not limited to these configuration
and/or geometries. There are many designs that could be used
to achieve similar surface acoustic impedance boundary con-
ditions. This can be done by suitably varying the geometry of
the internal cavities 50 and the surface face sheet 46.

The sound-absorbing liner and landing gear door discussed
above are utilized for main landing gear assemblies 14 (FIG.
1). However, it will be understood that acoustic liners and
doors according to the present invention may be utilized in
connection with a variety of different retractable landing gear
configurations. Thus, the shape and size of the acoustic liners
and doors may therefore vary significantly when utilized for
different applications.

It is to be understood that variations and modifications can
be made on the aforementioned structure without departing
from the concepts of the present invention, and further it is to
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be understood that such concepts are intended to be covered
by the following claims unless these claims by their language
expressly state otherwise,

The invention claimed is:

1. A landing gear door that covers retractable landing gear
of'an aircraft when the landing gear is retracted during flight,
and shifts outwardly when the landing gear is deployed, the
landing gear door comprising:

a door structure defining first and second opposite sides
having first and second opposite surfaces, respectively,
and edge surfaces extending between the first and sec-
ond sides, the door structure further defining an internal
structure disposed between the first and second opposite
sides, wherein the door structure defines a porous sur-
face on at least one of the first and second opposite side
surfaces, and wherein the internal structure defines a
plurality of internal acoustic chambers each defining a
first end that is acoustically connected to the porous
surface such that at least a substantial portion of sound
entering the acoustic chamber at the first end is absorbed
by the internal structure of the landing gear door;

wherein each of the plurality of internal acoustic chambers
defines a second end disposed in spaced relationship to
the porous surface, with a length extending between
each of the first ends and second ends and wherein at
least one of the plurality of internal acoustic chambers
includes first and second portions that extend transverse
relative to each other at an angle in the range of about 30°
to 90°; and,

wherein the lengths of at least two of the plurality of inter-
nal acoustic chambers are different from one another.

2. The landing gear door of claim 1, wherein:

the porous surface is disposed on the first side of the door
structure, and wherein at least two of the internal acous-
tic chambers have first ends that are acoustically con-
nected to the porous surface.

3. The landing gear door of claim 2, wherein:

the porous surface comprises a thin sheet of material hav-
ing a plurality of perforations therethrough.

4. The landing gear door of claim 3, wherein:

the perforations are arranged in a repeating pattern.

5. The landing gear door of claim 4, wherein:

the thin sheet of material comprises metal.

6. The landing gear door of claim 1 wherein:

at least two of the internal acoustic chambers have closed
second ends and wherein at least one of the two acoustic
chambers defines an outer portion adjacent the first end
that extends transverse relative to the porous surface,
and an inner portion at the second end that extends
transverse relative to the outer portion.
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7. The landing gear door of claim 6, wherein:

at least one of the inner and outer portions is substantially
linear.

8. The landing gear door of claim 7, wherein:

at least a portion of at least one of the acoustic chambers
has a circular cross-sectional shape.

9. The landing gear door of claim 8, wherein:

the inner and outer portions of at least one of the acoustic
chambers are both substantially linear whereby the
chamber is L-shaped.

10. The landing gear door of claim 1, wherein:

at least a first one of the internal acoustic chambers is
substantially linear along its length and at least a second
one of the internal acoustic chambers is substantially
non-linear along its length.

11. The landing gear door of claim 1, wherein:

the plurality of internal acoustic chambers is further
defined as first and second internal acoustic chambers,
each having an outer end at the porous surface defining
a sole external opening to each of the internal acoustic
chambers and wherein each chamber further includes an
opposite inner end that is closed whereby sound cannot
escape from the inner ends of the internal acoustic cham-
bers.

12. The landing gear door of claim 11, wherein:

at least one of the plurality of acoustic chambers extends
substantially linearly from the outer end to the inner end.

13. The landing gear door of claim 1, including:

acoustic filler material disposed in at least a portion of the
plurality of at least internal acoustic chamber.

14. The landing gear door of claim 1, wherein:

the first opposite surface of the door structure comprises a
smooth, generally planar aerodynamic surface that tends
to permit non-turbulent airflow over the surface.

15. The landing gear door of claim 1, wherein:

the internal structure defines at least one internal acoustic
chamber having first and

second ends that are open at the porous surface whereby
sound can enter at the first end and exit

at the second end.

16. The landing gear door of claim 15, wherein:

the firstend is disposed on the first opposite side of the door
structure, and the second

end is disposed on the second opposite side of the door
structure.

17. The landing gear door of claim 15, wherein:

the first and second ends are both disposed on one side of
the door structure.

#* #* #* #* #*
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